Abstract-In this paper, a new slot antenna is proposed for dual-band RFID applications. This antenna is designed to covers the frequency of ISM Bands (2.45GHz and 5.80GHz). In this antenna, two squared-slots are used for dual-band characteristic. Furthermore, some perturbations are set on an appropriate location to achieve circular polarization radiation. An L-shaped feed line is used for antenna excitation. The simulations results show that the proposed antenna has good circularly polarized radiations and the 3 dB axial-ratio bandwidth is more than 7.2% and 5.8% for first and second bands respectively. therefor, it is suitable to use for RFID as the reader antenna.
INTRODUCTION
Automatic identification procedure (Auto-ID) has become very popular in many service industries, purchasing and distribution logistic, manufacturing companies and material flow systems. In past years, barcode labels triggered a revolution in identification. However, barcodes may be extremely cheap, but they cannot be reprogrammed.
Radio frequency identification (RFID) is a contactless method for data transfer in object identification. In fact, this method involves the sending of an interrogation signal from a remote reader to a tag or transponder, and receiving the back-scattered modulated signal from tag. The block diagram of RFID system is shown in Figure1.
Comparing with barcode and other identification systems, RFID has some advantages of rapid identifying, flexibility and high intelligent degree. Furthermore, it can function under a variety of environmental conditions. RFID systems can be distinguished by their operating frequency ranges. All of frequency ranges for RFID applications can be classified as follows [1] .
Low frequency band: (9- As shown in Figure 1 , RFID system consists of three components: a small electronic data carrying device including an antenna and a microchip transmitter called a transponder or tag that is attached to the item to be identified, a reader or scanner that communicates with the transponder using radio frequency signals, and a host data processing system that contains the information of the identified item and distributes the information between other remote data processing systems.
During the last few years different types of antennas have been used for RFID applications. Inverted F antennas (IFAs) have been considered in [2, 3] . However, these antennas require also shorting pins or connections between different layers. Thin patch antennas in [4] also require a connection to ground. Dipole-like antennas attached to foams or other materials to provide a minimum separation from the metal object, have been analyzed in [5] [6] [7] [8] . Although these antennas do not need any connection between different layers, and providing a substantial reduction in the fabrication cost, but they still need a thickness of at least 3 mm for an acceptable performance. In some other cases, the slot spiral antennas [9] and fractal antennas [10, 11] are used as RFID antennas.
In this work, we propose a new dual-band slot antenna based on squared-shapes slots for microwave band (2.45, 5.80 GHz) applications. Furthermore, because the circular polarization (CP) antennas can provide greater flexibility in orientation angle between transmitter and receiver, better mobility and weather penetration than the linearly polarized antennas. Therefore, the proposed antenna in this paper has circular polarization. We achieved circular polarization by means of some perturbations and L-shaped feed line. In this work, to design a dual-band antenna we use two squared-ring slots in ground plane. The geometry of this antenna is shown in Figure 2 . The proposed antenna is excited by a microstrip line electromagnetically coupling to two orthogonal sides of the square-ring slots. The squared-slots and microstrip feed line are respectively etched on the two faces of a RT/Duriod 6002 substrate with εr = 2.94, tanδ = 0.0012 and thickness of h= 0.8mm.
In fact, the two orthogonal sides of each square-ring slot are excited by the coupling strip in series, and if the slot side lengths are properly selected, the two orthogonal modes of each slot would be excited with the same amplitude and 90 phase difference at a given frequency, which results in a good CP radiation.
For a sole square-ring slot antenna, the resonant slot circumference is about two free-space wavelength multiplied a correction factor mainly considering the effects of substrate permittivity. By several simulated results for the studied a square-ring slot antenna, it is found that the fundamental resonant mode of a sole square ring slot occurs as follows: 
Where c is the speed of light in free space, (4L) is the mean circumferences of the square-ring-slot and r is relative permittivity.
For proposed dual band slot antenna in Figure 2 , in accordance to (1), the average circumference for designed slots at frequency of 2.45 and 5.80GHz are 48.3 and 20.4mm respectively. However ,the simulation results show that these values are changed, to 38.8 and 22mm. Difference between theoretical and simulated results for resonance frequencies is due to elimination of coupling effect between slots in theory analysis.
For circular polarization, we use some perturbations and L-shaped feed line. CP performance with an optimum axial ratio in both frequencies of 2.45GHz and 5.80GHz can be obtained by fine-tuning of ls, S1 and S2. In addition, for a good impedance matching in both of bands, three tuning stubs are used in conjunction with the electromagnetically coupled element (Fig. 2(b) ). All of the optimized values for designed antenna in Figure 2 , are given as follows: 
III. RESULTS Figure 3 shows the return loss of designed antenna. As shown in this figure, the antenna is excited at 2.45 GHz with a -10 dB impedance bandwidth of 500MHz (2.12-2.62GHz) and at 5.8 GHz with an impedance bandwidth of 750MHz (5.37-6.13GHz). Figure 4 shows the axial ratio of 1 st and 2 nd modes. As shown in this figure, the axial ratio bandwidth (AR<3dB) for 1 st and 2 nd modes are 180 MHz (2.40-2.58 GHz) and 350 MHz (5.65-6.00GHz), respectively. Figure 5 and Figure 6 show the far-field radiation patterns for the E-plane and H-plane of the antenna at two typical frequencies in the operation bands. In order to minimize the interference between the interrogation signal and the back-scattered signal, we have chosen different polarization for two resonance bands. So, in this work, left hand and right hand circularly polarizations are The new circularly polarized dual-band slot antenna for RFID Applications has been demonstrated. The proposed slot antenna has a broad CP bandwidth and good impedance matching in both of resonance frequencies. The antenna has been examined numerically using HFSS simulator based on finite elements method. The simulation results show an impedance bandwidth of 500 MHz and 750MHz in 1 st and 2 nd bands, respectively. Furthermore, axial ratio bandwidths are 180 MHz and 350MHz.
